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Abstract 
The paper presents the 0D models of selected auxiliary equipment of Solid Oxide Fuel/Electrolysis Cell hydrogen peak 
power plant, i.e., hydrogen compressor, high temperature heat exchanger, and a water pump, which has been calibrated to 
the appropriate available experimental data. Based on a sensitivity analysis the guidelines for design and operation of 
these devices are determined for operation with a ceramic fuel cell, electrolyzer, and a tank for compressed hydrogen. 
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1. Introduction 
Environmental concerns regarding greenhouse gas emissions [8, 36, 9] and depletion of fossil fuel deposits 
have driven significant research and development into alternative, clean energy sources. Fuel cells present 
very promising technologies [4, 13, 17, 24, 29, 34, 28, 15, 27, 32], mainly due to the fact that, their electricity 
generation is not based on a heat engine, which requires a working agent. Additional benefits could be 
obtained through combining fuel cells with gas turbines [6], which could theoretically achieve very high 
efficiency---over 70% [5, 25, 35], while greenhouse gas issues might be mitigated by using an alternative fuel 
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l [21] or bio-fuels [12]. Currently, electricity cannot be stored in large amounts and therefore, at any given 
moment, an equal balance must be maintained between generators and consumers in the power grid. This 
means electricity generators (major power plants) must closely follow changes in demand. Support comes 
from peak power plants (mainly gas---fired power plants) and hydro-pump storage power plants. Peak storage 
power plants are characterized by relatively low efficiency and very expensive fuel (natural gas or oil). The 
construction of pumped-storage power plants is limited by geological availability, hence possible locations are 
limited in large part. A plant that stores electrical energy in the form of chemical energy (hydrogen [38, 31, 
11]) at low demand and generate electricity during demand peak hours would be an interesting alternative. 
Systems of this sort would have many advantages, including signi¿cant emission reduction (practically no 
emissions) and high efficiency This system would comprise a solid oxide electrolyzer cell for hydrogen 
production. The stored hydrogen would then be used for reactions in high-temperature solid oxide fuel cells. 
Hydrogen is a promising fuel due to (i) no emission of harmful substances, and (ii) it having the highest 
calori¿c value per mass unit. In order to specify the capabilities of such systems it is crucial to determine their 
operation parameters and the performance of their main elements, like SOEC and SOFC, and of the storage. 
As system operation will be cyclical, a dynamic analysis of particular elements is necessary. Previously 
published papers by the authors concern examination of the main elements of the system (electrolyzer, fuel 
cell, hydrogen storage tank). On the basis of the investigation, the optimal system configuration was 
determined, which comprises main elements and auxiliary equipment. The auxiliary equipment could impact 
the operation and efficiency of the whole system. This paper presents dynamic models of the auxiliary 
equipment, such as a water pump, heat exchanger, hydrogen compressor.  
1.1. Hydrogen compressors 
Hydrogen has the smallest atomic mass of all substances and extremely low gravimetric density  [16]. This 
means that 1 kg of hydrogen at temperature 15żC and pressure 100 kPa occupies a volume equal to 12.3 m3, 
i.e., appropriately modified compressors are needed to compress hydrogen. The most commonly used types of 
compressors, in particular for compressed hydrogen storage, are:  
x reciprocating compressors---the most popular type of compressor. The increase in fluid pressure occurs 
due to the sliding movement of the piston in the cylinder,  
x diaphragm compressors---in contrast to reciprocating compressors, the piston is separated from 
compression chamber by a diaphragm. This means that the compressed gas does not enter into direct contact 
with any lubricated parts. As a result, the compressor is extremely hermetic,  
x centrifugal compressors---the working medium is sucked into the rotating rotor and then expelled by 
centrifugal force.  
Selected issues of hydrogen compressor modeling are reported in the literature. Most papers contain only 
simplified models, dedicated mainly to economic analysis of systems equipped with compressors  [20, 18, 26]. 
The model proposed in [18] was used for hydrogen distribution network optimization in the selected refinery. 
In the paper, there is an economic evaluation of an installation involving various types of compressor 
(a reciprocating, centrifugal and screw compressors) in the proposed system. The paper does not contain 
detailed information concerning the examined compressors. The paper [41] presents a model of hydrogen 
generation in a hybrid system, which comprises a wind turbine, electrolyzer and fuel cells. One item of 
auxiliary equipment modeled is a hydrogen compressor. The paper does not contain detailed information 
about it, but gives only a general dependency between the hydrogen molar flow rate and required compressor 
power.  
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1.2. Hydrogen high temperature heat exchanger 
Issues concerning modeling high temperature heat exchangers were analyzed in a number of papers. 
In [30], selected issues of heat transfer are presented, when temperature exceeds 850żC and pressure range 
100...500 bar. A ceramic heat exchanger (see---Fig 1) is applied and examined for these operating parameters. 
This paper does not contain details on this heat exchanger, with the exception of future plans and selected 
dimensionless numbers. The authors suggest an option to neglect the material heat conduction coefficient for 
such a high temperature. In order to provide proper heat management for high temperature electrolysis, 
a system of heat exchangers is proposed. This system is split into low-, medium-, and high temperature heat 
exchangers [23]. The article presents data required for determination of the heat transfer coefficient based on 
dimensionless numbers. The heat conduction phenomena were not included in this analysis. Another approach 
for modeling high temperatures heat exchangers is described in  [40]. This paper investigated two different 
types of heat exchanger: flue gases/air and flue gases/fuel. Other attempts to model high temperature heat 
exchangers are reported in the literature [19, 10, 22, 39].  
1.3. High-pressure pumps 
The performance of high-pressure water pumps is reported in the literature and in the manufacturer’s 
catalog. The [7] offers centrifugal water pumps; the head is 950 m, while maximum flow rate is 1,150 m3/h. 
The manufacturer [1] proposes a high pressure pump with a hydraulically actuated diaphragm. The range of 
allowable fluid temperatures is í10...60żC, while the maximum flow rate per pump head is equal to 5 m3»h. 
Mathematical models of water pumps are reported in several papers, e.g., [37] presents a numerical model of 
a water pump system for mine drainage. The model was developed based on FORTRAN programing 
language, then this model was used to simulate the transient hydraulic process which occurs during mine 
drainage. Another attempt at high-pressure water pump modeling is reported in [14].]. This paper analyzed the 
efficiency of pumps which were driven by PV cells. The simulation results were verified with experimental 
data. The verified model was used to investigate various configurations of PV cells as well as pump heads. 
This paper does not include detailed data on the investigated pump or the method for determining coefficients.  
2. Dynamic models of the auxiliary equipments of SOFC/SOEC hydrogen peak power plant 
2.1. Model of hydrogen compressor (based on Elliott 15 MB compressor) 
The model hydrogen centrifugal compressor was calibrated based on the Elliott centrifugal compressor 
15 MB [3]. The selected compressor has the same configuration as the compressor installed at Valero refinery, 
Oklahoma, U.S.A [33], for which the performance characteristics were determined. The compressor 
efficiency and head as a function of flow rates for 11,070 rpm are presented. During the examination, the 
compressor was fed with a gas mixture with high hydrogen content: 92.2% mole fraction. On the basis of 
compressor characteristics taken from literature research, a model was developed using available 
software [49]. The simulation results were compared with experimental data [33]. There are no significant 
discrepancies between simulation results and experimental data. Model of heat exchanger (based on HEP 
Heat Exchanger Platform manufactured by Catacel)  The model of heat exchanger was calibrated based on 
Heat Exchanger Platform (HEP) of Catacel Corp. The size of the heat exchanger is 3.8 × 3.8 × 31 cm and 
mass §0.4 kg. The maximum power of the examined device is 2.5 kW, while the maximum allowable fluid 
temperature is 900żC. The experimental data for the selected heat exchanger were related to air as the working 
medium. The relatively detailed model of heat exchanger were captured and implemented in the available 
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numerical environment [52]. The geometrical and material parameters of the modeled heat exchanger were 
adjusted to well---known parameters of a real heat exchanger to keep the area of heat transfer and volume. On 
that basis, a model of a circular shell-tube heat exchanger was developed, whose dimensions are very close to 
the original one.  
2.2. Model of a water pump (based on process diaphragm pump LEWA triplex) 
The LEWA triplex diaphragm pump was selected for the system. This is a hydraulically actuated process 
diaphragm pump in mono-block design. The selected pump head (M800) with the special geometry of the 
diaphragm clamping enables high discharge pressures---up to 1,000 bar. The maximum allowable fluid 
temperature is í10...60żC, while the maximum flow rate is 5 m3»h per head pump. On the basis of available 
performance curves, the pump model was developed in available software [58].  
3. Discussion 
3.1. Hydrogen compressor 
The hydrogen compressor model was examined with a mixture of hydrogen and water vapor (0.124% 
H2O). At the same time the operation point was fitted to ensure maximum efficiency of the device. It resulted 
in a pressure increase of 119 to 129 bar, while the compressed hydrogen is 5.5 kg/s and the power consumed 
by the device is 787 kW. The compressor is designed to recycle hydrogen from the fuel cell outlet to the fuel 
cell inlet, therefore a high compression ratio is not required (1.08).  
3.2. Heat exchanger 
On the basis of the developed model, there was a simulated regenerative heat exchanger steam/hydrogen. 
The coefficient of heat transfer (U) was estimated based on literature research [23] at 130 W/m2/K. The other 
design parameters remained unchanged. Simulated operation of the heat exchanger was used for heat 
recirculation, i.e., simultaneously cooling down the hydrogen and heating up the water (steam vapor) which is 
supplied to electrolyzer. The examined items of auxiliary equipment are designed to operate in a hydrogen 
peak power plant, thus they will be operating in two modes: loading and unloading. Heat transfer simulations 
were carried out where the transience from resting state (agreed as 10% of nominal flows) to operation state 
was examined. The results of heat exchanger testing during transient changes pertaining to shutdown (the 
flow rates decrease by 90%) are shown in Fig. 1. Steady temperatures occur after ca. 100 s of operation. The 
simulation results of transient states between rest mode and operation mode (flow rates increase by 90%) are 
shown in Fig. 2. The temperatures of the heat exchanger stabilizes after ca. 25 sec of operation.  
4. Summary 
The paper presents 0D dynamic models of auxiliary equipment of an SOF/EC hydrogen peak power plant. 
The presented models of hydrogen compressor, high temperature heat exchanger, and high pressure water 
pump are calibrated based on available experimental data. Some of the elements were tested in dynamic mode 
to fit the system requirements. The hydrogen compressor model was calibrated based on an Elliott 15 MB unit 
and gives the most efficient point of operation. The heat exchanger was tested during transient changes 
pertaining to start-up and shutdown. Since the high pressure water pump is assumed to operate constantly 
(without pressure changes), there was no need to simulate the dynamic behavior of the unit. Based on the 
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performed analysis, the main parameters of the auxiliary equipment were determined and adequate real units 
chosen for operation with high temperature Solid Oxide Fuel/Electrolysis Cell in cooperation with a high 
pressure hydrogen storage tank.  
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